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A B S T R A C T 
 
This study aimed to compare the density of Isognomon bicolor on four rocky shores of the State of 
Espírito Santo, Brazil. Further, size and weight comparisons were undertaken for the flat and 
creviced surfaces. Quarterly samplings were taken in 2006 and 2007, by removing organisms from 
10 x 10 cm quadrants in the mid-intertidal zone, with five samples from flat surfaces and five from 
crevices. Although densities of I. bicolor were considered low as compared with those of other 
studies, this species is well established in the State. The most well-established population of I. 
bicolor was found in the rock crevices. The most important factor for the establishment of I. bicolor 
on rocky shores is substrate heterogeneity. 
 
R E S U M O 
 
O objetivo deste estudo foi comparar a densidade de Isognomon bicolor em quatro costões rochosos 
no Espírito Santo, Brasil. Além disso, comparações do tamanho e do peso foram feitas para as 
superfícies lisas e com fendas. Coletas trimestrais foram realizadas entre 2006 e 2007, os organismos 
foram removidos utilizando um quadrado de 100 cm2 na faixa do médiolitoral, sendo cinco nas 
superfícies lisas e cinco nas fendas. As densidades de I. bicolor foram consideradas baixas em 
comparação com outros estudos, mas a espécie encontra-se bem estabelecida. Foi obtido um maior 
número de indivíduos nas fendas. O fator mais importante para o estabelecimento de I. bicolor nos 
costões rochosos estudados mostrou ser a heterogeneidade do substrato. 
 
Descriptors: Rocky shores, Intertidal zone, Introduced species, Substrate heterogeneity, Isognomon 
bicolor, Espírito Santo. 
Descritores: Costão rochoso, Zona entremarés, Espécies introduzidas, Heterogeneidade de substrato, 
Isognomon bicolor, Espírito Santo.  
 
INTRODUCTION 
 
Rocky shores are subject to a variety of 
stresses caused by human activity, including the 
introduction of species, whether intentional or 
accidental (CROWE et al., 2000). The introduction of 
marine organisms affects native species mainly due to 
the resulting competition for food and space (KADO, 
2003). Some invasions may have significant economic 
impact as well as constituting serious risks to human 
health (RUIZ et al., 1997). However, in many cases, 
the introduction of exotic species has no dramatic 
influence on marine communities (CROWE et al., 
2000). 
The main vectors involved in the 
introduction of species into marine environments are 
ship ballast water, fouling and the importation of 
exotic species for aquaculture and the aquarium trade 
(AMARAL; JABLONSK, 2005).  
Alterations in the structure of benthic 
communities brought about by the introduction of 
bivalves has been widely investigated (CARLTON, 
1992). The recent invasion of the Brazilian coast by 
Isognomon bicolor may be the result of an 
unintentional introduction by fouling or ballast water. 
Native to the Caribbean, this species currently occurs 
on rocky shores along the Brazilian coast 
(DOMANESCHI; MARTINS, 2002; FERNANDES et 
al., 2004; MOYSÉS et al., 2007). However, the extent 
of the damage caused by their introduction is unknown 
(FERNANDES et al., 2004).  
Many studies have investigated the role of 
topographical heterogeneity in the distribution of 
intertidal communities (ARCHAMBAULT; 
                             
BOURGET, 1996; BLANCHARD; BOURGET, 1999; 
BARRETO, 1999; MENCONI et al., 1999; 
GUICHARD et al., 2001; UNDERWOOD, 2004; 
SKINNER; COUTINHO, 2005). The physical factors 
of the environment and, consequently, the structure of 
the local community, can change abruptly within a 
small space, if the complexity of the habitat is high 
(BENEDETTI-CECCHI; CINELLI, 1997). Complex 
surfaces can create a variety of niches which serve as a 
refuge for animals (KOSTYLEV et al., 2005).  
This study aimed to compare the density of 
I. bicolor populations on four rocky shores, and to 
assess the influence of the number of crevices on their 
density. This study also aimed to evaluate the size and 
weight of I. bicolor populations on two types of rocky 
surface: flat and creviced. 
 
 
MATERIAL AND METHODS 
  
 
Study Area 
 
This study was carried out in the coastal 
zone of the State of Espírito Santo, Southeastern 
Brazil, characterized by Crystalline Precambrian rocks 
in contact with Quaternary deposits (MARTIN et al., 
1996). 
The most frequent and intense winds are, 
respectively, those from the northeast and southeast, 
the former prevailing during the greater part of the 
year, the southeasterly winds being associated with the 
cold fronts that occur regularly in the State´s coastal 
zone (ALBINO et al., 2001). 
Samples were collected on four rocky shores 
(Fig. 1): Area 1 (20º19’44’’S, 40º16’20’’N) on the 
Costa beach, in the Santa Luzia Hills; Area 2 
(20º19’59’’S, 40º16’24’’N) also on Costa beach, but at 
Sereia Point, located 0.4 km from area 1; Area 3 
(20º38’06’’S 40º25’28’’N) on Setibão beach, located 
37 km from area 1; Area 4 (20º48’20’’S 40º35’15’’N) 
on Ubu beach, situated about 62 km from area 1. 
 
Sampling Design 
 
Sampling was performed quarterly in each 
area (Fig. 1) between August 2006 and May 2007, 
during low tide.  
Samples were taken in the mid-intertidal 
zone within a horizontal stretch of 18 meters on each 
rocky shore. All crevices (depressions in the rock with 
depth greater than 3 cm) present in the area were 
counted and their length and depth measured.  
On each rocky shore, within the range of the 
widest coverage of Isognomon bicolor, 5 quadrants 
(10 x 10 cm) were sampled on two types of rock 
surfaces: flat, those without depressions, and creviced, 
with depressions of between 3 and 5 cm depth. The 
organisms were collected with a spatula. In the 
laboratory, all individuals of I. bicolor were weighed 
with a digital scale (precision of 0.01g) and their shell 
height measured, determined by the distance between 
two parallels: tangential hinge tooth and the ventral 
margin of the shell, in accordance with Domaneschi 
and Martins (2002), and the total length of the shell 
(greater extent) from the umbo, using callipers 
(precision of 0.05 mm) (Fig. 2).  
The sex of I. bicolor was defined by 
microscopic observation of the gonads (magnification 
100 x). 
 
 
 
Fig. 1. Location of the study area. Areas 1 and 2: Costa beach; area 3: Setibão beach, and area 4: Ubu beach. 
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Fig. 2. External view of Isognomon bicolor indicating the two 
measurements. 
 
Data Analysis 
 
 The sex ratio between the sampling areas 
was compared using the non-parametric Chi-square 
test (ZAR, 1996).  
To calculate the population density, only 
individuals collected on the flat surfaces (without 
crevices) were considered, since it was not possible to 
estimate the area of the creviced surfaces due to their 
irregularity. One-factor analysis of variance (ANOVA) 
was performed to compare density values of I. bicolor 
among the sampling areas (1, 2, 3 and 4) (N=80). The 
two-factor ANOVA test was used to compare the 
length, height and weight of the shells by area of 
sampling and type of surface (flat or creviced) (N = 
974). The Tukey test was carried out for multiple 
comparisons of the averages (ZAR, 1996). A 
Bonferroni test was used to measure the differences of 
the estimated marginal means as between the creviced 
and flat surfaces. Assumptions of normality and 
variance homogeneity where tested prior to all 
analyses by Kolmogorov-Smirnof´s and Levene’s 
tests, respectively. The hypothesis of normality and 
homogeneity was accepted only for the density, 
transformed in a ln (X + 1). For length, height and 
weight, parametric analysis with the unprocessed data 
was carried out, because of the symmetry of the data. 
Also, in accordance with Xavier (2008), the data were 
tested again with Kruskal-Wallis and ANOVA and 
always led to the same conclusion. 
 Spearman´s non-parametric test was used to 
verify possible correlations between the average 
density in each area and season (N = 16) and the 
number of crevices.  
For the analysis of size frequency 
distribution (length), individuals were classified 
according to the formula proposed by Sturges, 
described by Massad et al. (2004). The determination 
of classes was obtained by the equation N = 1+3.322 
log (n), where N is the number of classes and n is the 
total number of individuals. The size of each interval 
(w) was obtained through the formula w = R / N, 
where R is the difference between the highest and 
lowest value.  
For all tests, α was equal to 0.05. 
 
RESULTS 
 
Characteristics of the Crevices 
 
On the Costa beach (area 2) the recorded 
crevices were larger, deeper and more numerous, 
while in area 1, the values were lower (Fig. 3).  
 
 
Fig. 3. Average values (± standard error) of length and depth 
(cm) of crevices and their number recorded for areas 1 and 2 
(Costa), area 3 (Setibão) and area 4 (Ubu). 
 
 
Sex Ratio 
 
The proportion of females varied from 48% 
in area 1 to 55% in area 2 (Fig. 4). The Chi-squared 
test showed no significant differences among areas. 
 
 
 
Fig. 4. Sex ratio of Isognomon bicolor on Costa (areas 1 and 
2), Setibão (area 3) and Ubu (area 4).  
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Density 
 
The mean density of I. bicolor was 
significantly different among the studied areas, except 
for those of areas 2 and 4, that presented higher values 
(F= 33,55; p < 0.001) (Fig. 5).  
 
 
 
 
Fig. 5. Average density (± standard error) of Isognomon 
bicolor at the sampling locations (areas 1 and 2: Costa, area 
3: Setibão, area 4: Ubu). Homogeneous groups determined by 
the Tukey test are indicated with the same letters. 
 
Results showed a negative correlation 
between the average density of I. bicolor and the 
number of crevices recorded in each area (Fig. 6).  
 
 
 
 
 
Fig. 6. Correlation between the mean density of Isognomon 
bicolor in each area and season and the number of crevices 
recorded on Costa (Areas 1 and 2), Setibão (Area 3) and Ubu 
(Area 4). The results of the Spearman test are presented in the 
figure (α = 0.05; N = 16). 
 
 
Size-frequency Distribution 
 
A total of 974 individuals from 160 
quadrants were collected and measured. Also, 17 
empty shells were found within the quadrants. A 
greater number of I. bicolor was observed in areas 
with crevices (63% of the total sampled) than on flat 
surfaces.  
Individuals were distributed in 11 size 
classes, according to the length of the shells, with 
intervals of 0.35 cm. In general, the highest 
frequencies were found distributed in shell length 
intervals ranging from 1.07 cm to 2.5 cm (classes 3 to 
6) (Fig. 7).  
Comparing the flat and creviced surfaces in 
each area, individuals collected in the crevices 
presented a greater size range. Larger individuals (size 
classes between 7 and 11) were rarely found on flat 
surfaces (Fig. 7). 
 
Means Values of Length, Height and Weight of I. bicolor 
 
The estimated means for length, height and 
weight of I. bicolor were higher in the creviced areas 
than on flat surfaces (Fig. 8), with significant 
differences, according to the Bonferroni test (p < 
0.001).  
For length, areas 1 (1.94 cm ± 0.05) (± 
standard error) and 2 (2.03 cm ± 0.03) showed the 
highest averages, differing from areas 3 (1.70 cm ± 
0.03) and 4 (1.62 cm ± 0.02). Areas 1 (1.31 cm ± 0.03) 
and 2 (1.37 cm ± 0.01) also presented higher mean 
heights than areas 3 (1.21 cm ± 0.02) and 4 (1.14 cm ± 
0.01). Mean weights also indicated that areas 1 (1.24 g 
± 0.08) and 2 (1.29 g ± 0.05) were significantly 
different from those of areas 3 (0.75 g ± 0.04) and 4 
(0.72 g ± 0.03) (Table 1).  
All the tested interactions between variables 
revealed significant differences in the average values 
of length, height and weight (Table 1). 
 
 
DISCUSSION 
 
The density of Isognomon bicolor on rocky shores 
was considered low in comparison with those of studies 
undertaken in Rio de Janeiro, whose authors reported 
densities of up to 445 individuals per 100 cm2 
(FERNANDES et al., 2004). This fact, together with the 
absence of previous studies in the sampling areas, suggests 
that the invasion of this species has occurred recently in the 
Espírito Santo State. Despite the fact that is a recent invasion, 
I. bicolor occurred throughout the sampling areas along the 
studied period, indicating that populations are well 
established in the studied rocky shores. 
Many studies in the intertidal region suggest that 
depressions or crevices represent microhabitats offering 
protection against desiccation, mechanical impact of waves, 
and predators (RAFFAELLI; HAWKINS, 1999; BARRETO, 
1999; BLANCHARD; BOURGET, 1999; KOSTYLEV et al., 
2005). Comparing the results of flat surfaces and crevices, the 
latter showed a greater number of individuals for all the areas 
and periods studied, indicating that in that environment, the 
settlement of these individuals is easier. Further, the 
individuals are more closely aggregated in the crevices, 
differently from the flat surfaces. Similarly, Moysés et al. 
(2007) noted that I. bicolor, in the early stages of succession, 
presents an aggregate distribution colonizing only 
depressions of the substrate.  
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Fig. 7. Isognomon bicolor shell length size-frequency distribution on Costa (areas 1 and 2), Setibão (area 3) and Ubu (area 4) 
collected on flat surfaces (without depressions) and creviced surfaces, from August 2006 to May 2007 (N = number of 
individuals measured). 
 
 
Fig. 8. Average values (+ standard error) of length, height and 
weight of Isognomon bicolor on Costa (areas 1 and 2), Setibão 
(area 3) and Ubu (area 4) and the type of surface where 
individuals were collected (flat or creviced). 
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Table 1. Results of two-factor ANOVA between sampling areas (Costa, areas 1 and 2, Setibão, area 3 and Ubu, area 4), and 
types of surface sampled (flat and creviced), with variables of lengths, heights and weights of shells of Isognomon bicolor. The 
homogeneous groups determined by the Tukey test were ordered from the lowest to the highest average value. F: test value; P: 
probability associated with the test value; α = 0.05. 
 
Variable Source of variation Degrees of freedom F p  Tukey HSD 
site 3 37.352 <0.001 4  3     1  2  
surface 1 91.355 <0,001 - 
Length 
site x surface 3 4.627 0.003 - 
site 3 28.896 <0.001 4  3     1  2  
surface 1 135.570 <0.001 - 
Height 
site x surface 3 4.781 0.003 - 
site 3 36.142 <0.001 4  3     1  2  
surface 1 104.880 <0.001 - 
Weight 
site x surface 3 5.892 0.001 - 
 
Densities were significantly different for sampling 
locations, with the greatest difference recorded between the 
two closest areas (areas 1 and 2). This difference can be 
explained by the greater number of crevices in area 2 and 
their dimensions. There is a positive correlation between the 
number of crevices and density, demonstrating that the 
establishment of individuals is easier in the crevices and, 
consequently, the resident population influences their 
colonization also in the smooth adjacent areas. The filter 
feeders are extremely selective of substrates to which they 
will attach (LITTLE; KITCHING, 1996), thus, many studies 
indicate that local environmental characteristics and the 
resident population can have a strong effect on larval 
recruitment (OSMAN; WHITLATCH, 1995).  
According to Skinner and Coutinho (2005), 
the settlement of the barnacle larvae Tetraclita 
stalactifera is influenced by substrate heterogeneity, as 
the greater the roughness, the larger the settlement, 
due to changes in the water flow and increased larval 
retention. Moreover, it is likely that I. bicolor selects 
the crevices in which to settle or otherwise, that the 
crevices are a refuge from predators and more extreme 
physical factors, resulting in higher survival of recruits 
in these microhabitats. Future experimental studies 
may help to clarify these points.  
In crevices, the organisms were significantly 
larger and heavier than those collected on smooth 
surfaces. Blanchard and Bourget (1999) recorded 
higher values of intertidal community biomass in 
crevices, thus corroborating the findings of this study. 
According to Murray et al. (2006), topographic 
heterogeneity causes turbulence that can dissipate the 
wave energy providing sheltered microhabitats, and 
possibly increasing food availability. Depressions are, 
therefore, less stressful environments for organisms to 
feed, since they spend more time submerged in 
comparison with those on smooth surfaces. This also 
helps to explain the larger sizes and weights 
registered.  
The highest size-frequency of organisms was 
found in intermediate size classes, and the smaller 
ones in lower and higher classes. This type of 
population structure was also found by Fernandes et 
al. (2004) for this species. In other studies with 
bivalves, Alvarado and Castilla (1996) found a 
bimodal size distribution with high frequency of 
recently established individuals and adults. 
The differences in the populations of I. 
bicolor found could be due to substrate heterogeneity 
(quantity of crevices), this being an important factor in 
explaining variability on a small scale, corroborating 
the results of Araujo et al. (2005) that suggest 
horizontal variability of intertidal communities on a 
scale of a few meters, related to habitat heterogeneity. 
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